Application of enzyme preparations has shown great potential in aiding extraction procedures. However, the focus has mostly been on single crop varieties, thereby limiting knowledge on the effects of enzyme technology to those (single) varieties studied. The present work compared the effects of various dosages of crude pectolytic enzymes from Saccharomyces cerevisiae (ATCC 52712) on yield and extraction rates of starch from the roots of five indigenous cassava varieties (Nkabom, Afisiafi, Doku duade, Bankye hemaa and Esam bankye). The study aimed to establish whether varietal differences (with respect to response of variety to the technology) existed and to establish which variety is best suited for the technology. Generally, application of the crude pectolytic enzymes with activity of about 4.91 U significantly (P<0.05) increased starch yield and recovery rates in all selected cassava varieties. However, optimization of both yield and recovery rate was dependent on an interplay of variety, enzyme dosage and holding time for enzyme action. An enzyme dosage of 0.02% was found as significant (P<0.05) for peak of starch yield in the Esam bankye and Nkabom varieties at 0.5 and 1 h holding time in the Afisiafi variety; 0.025% enzyme dosage at 0.5 h holding time was the optimum treatment combination for starch yield in both Bankye hemaa and Doku duade varieties. The study therefore showed that although application of pectolytic enzymes for starch extraction enhances yield, the technology is affected by varietal differences. Given the heavy dependence of most Ghanaian industries on starch, the technology if made available would greatly boost the productivity of these sectors at relatively lower cost.
INTRODUCTION
Until recently, Ghana's economy has progressively thrived on the performance of her agricultural sector. An economic survey report indicates that in the year 2016, the sector contributed about 20% of the country's gross domestic product (GDP) (CIA, 2017) . Of this, cassava is estimated to have contributed about 22% of agricultural gross domestic product (AGDP) (Essabrah-Mensah, 2016) with production potential estimated to have increased, from the third quarter, by about 4% at the end of the year (FAO, 2016) . The crop, roots and leaves are equally a staple and contributes immensely to dietary caloric intake and to industry. The cassava root, especially, finds application in many domestic and industrial circles. Its starch has many remarkable characteristics including high paste viscosity, high paste clarity and high freeze-thaw stability, which are advantageous to many industries (Chinma et al., 2013) . The Food and Agriculture Organization (FAO) estimates that in the year 2015 about 8,405 tons of cassava flour and starch were traded globally and although Africa is touted the highest exporter of cassava tuber (exporting about 153,451 tons of global exports of 281,050 tons), only Nigeria contributed significantly (about 150 tons) to exports of cassava flour and starch from Africa (FAO, 2016) . However, they also reported that global demand for cassava starch could increase especially as global and regional demands for alcohol, ethanol, starch and animal feed sectors, as well as their lucrative export markets continue to rise (FAO, 2016) . In Ghana, the opening of an export-oriented starch factory near Accra in 2003 led to an "explosion" in farmers' demand for highyielding, disease-resistant varieties to help feed the factory with raw materials (Business and Financial Times Newspaper, 2013) . This factory, the Ayensu Starch Factory, established as part of the Presidential Special Initiative (PSI) on cassava, was projected to work at 70% installed capacity (Business and Financial Times Newspaper, 2013) ; however, its operations were fraught with challenges, key among which were power cuts, financial challenges and insufficiency of raw materials (Addo, 2013) : the factory could therefore only operate at 20% of its installed capacity (Business and Financial Times Newspaper, 2013 ). An optimization of production parameters and a careful selection of variety could have helped boost production and enhance the revenue outlook for the African starch industry. Some work have been carried out on enzymatic extraction of starch from native crops in many places worldwide (Sit et al., 2015; Pinyo et al., 2016) and results from these studies have been very remarkable.
In Ghana, cassava is commonly used in starch production and attempts at improving extraction processes with enzymes have been with only single varieties, usually with the Afisiafi (Dzogbefia et al., 2008a, b) , a variety which is also mealy. The aim of this study was therefore to establish if other cassava varieties would produce a similar (improved) response to starch recovery rates and yield when enzyme technology is applied. It was expected that varietal differences in cell wall biochemistry (especially regarding pectin content) would greatly influence the parameters being measured; this will help determine which variety is best suited for the technology. With this, we could also establish what varieties would be better suited for industrial starch production and which would be best for dietary consideration and thereby avoid undue competition between food and other industrial applications.
METHODOLOGY
Cassava, manioc or yucca (Manihot esculenta Crantz) is a perennial shrub of the New World which is currently the sixth world food crop for more than 500 million people in tropical and subtropical Africa, Asia and Latin America (El-Sharkawy, 2004) . Taxonomically, the crop belongs to the family Euphorbiaceae and the genus Manihot which is known to have about 100 species among which, the M. esculenta Crantz is the only commercially cultivated species (Alves, 2002) .
The mature plant grows to an average height of about 1 to 4 m (Alves, 2002) . It is a monecious plant that is cross pollinated and seed propagated, leading to genetic segregation among the various species. As a crop, cassava is vegetatively propagated via stem cuttings.
Cassava was first introduced into Ghana by Portuguese slave ships from Brazil in 1750 (Safo-Kantanka, 2004) . Since that time, much genetic variability has arisen mainly through accidental hybridization and spontaneous recombination between varieties. The current climax population, however, is a product of farmers' artificial selections (Fregene et al., 2003) . Such varieties have been given names by farmers to demonstrate major attributes of the varieties. Hence, names such as 'Bankye-Broni' (DMA-001), 'Tugyabi-tuntum' (DMA-003), 'Bokentenma' (DMA-015), 'NfiemenuBankye' (DMA-016), 'Kowoka' (DMA-009), 'Bankye-soja' (WCH-1), 'Ampe nkyere', 'Bankye-Ababaawa' (ASF-010) and many others, now commonly ascribed to local cassava varieties, are available on the Ghanaian market (Safo-Kantanka, 2004 ).
Morphology and uses of some cassava varieties in Ghana
Cassava cultivars can be distinguished by their morphological characteristics such as leaf size, colour and shape, branching habit, plant heights, colour of stem and petioles, tuber shape, time -tomaturity, yield and level of cyanogenic glycosides in the tuber and leaves (IITA, 1990) . For example, the Afisiafi clone (TMS 30572) was introduced from IITA to Ghana in 1988 under the code GC/88-07. Its morphological characteristics include light green petiole, brownish grey mature stem and a light brown outer skin of tuber with cream inner skin. The variety can be grown in both major and minor seasons and is highly tolerant to major pests and diseases. Information on the uses and yield of some commonly grown cassava varieties in Ghana are as shown Table 1. 'Afisiafi' and 'Tek bankye' have peak flour yields of 23 and 22.4%, respectively, at 13 months after planting, while 'Abasafitaa' and 'Gblemoduade' had their peak flour yields increasing uniformly from 11 to 13 months after planting after which it decreased. 'Abasafitaa' and 'Tek bankye' were also reported to have flour yields increasing from 9 through 12 months after planting after *Corresponding author. E-mail: japhethagyepong@yahoo.com. Sriroth et al. (1999) reported that age of the root and environmental conditions at harvest influence granule structure and hydration properties and that starches extracted from cassava roots harvested at different times were characterized by unique starch granule structure and function.
Cassava cultivation
Cassava is propagated using stem cuttings. The cuttings, usually cut into 20 to 25 cm long, can be planted in a slanting or angular position (45°) by burying in the soil with one-third of the cuttings above the soil surface and ensuring that lateral buds point upwards. This is where the cuttings sprout. Conventionally, it is recommended that the cuttings are planted at a spacing of 1 × 1 m on the crest of ridges or mounds. This will give a plant population of 10,000 stands/ha. Vertical or angular planting is recommended in areas of high rainfall. Horizontal planting is better in dry areas. Generally, farmers plant by hand and it takes 8 to 10 persons to plant 1 ha in 1 day.
The optimum age when the starch and dry matter yields are highest is 9 to 12 months after planting, depending on the variety and the climate. Some varieties mature in 15 to 18 months. Extended cold season may delay the maturity of cassava. Harvesting too early results in a low yield, while delayed harvesting could reduce yield.
Cassava roots are harvested when they are mature to have accumulated enough starch but have not yet become fibrous. The root is harvested by cutting the plant stem at about 30 to 50 cm above the ground and then gently pulling the residual stem to lift the roots out of the soil. This is to avoid bruising the tubers as this could hasten deterioration of the root especially during storage. Harvesting is done when the soil is wet and loose.
Plant materials
Fresh local cassava (M. esculenta Cranz) varieties Afisiafi, Esam bankye, Bankyehemaa and Nkabom and Doku duade harvested at nine months after planting (MAP) were obtained under a running project at the Department of Agriculture Engineering, K.N.U.S.T. All varieties were planted on the same field of the Agriculture Research Station (at Anwomaso-Domeabra, Kumasi) and had been subjected to similar edaphic and climatic conditions.
Cell culture and enzyme production
Prior to enzyme production, S. cerevisiae (ATCC 52712) cells were propagated and subcultured in malt extract broth (M.E.B.) and agar (M.E.A.) slants to obtain pure cultures. A loop full of pure culture from M.E.A. slant was inoculated in 100 ml malt extract broth and incubated for 3 days at 28°C. During the period, light absorbance (at 540 nm) of the culture in MEB and cell enumeration (on malt extract agar using pour plate technique) were taken at 12 h intervals. The values obtained were used to derive a standard calibration curve for cell density. 4 ml of M.E.B. culture (density 6.32 × 10 12 per 100 ml) was then transferred into 100 ml of 1% pectin medium-formulated based on a modification of the method used by Ranganna (1986) and cultured for 8 days at 28°C. During this period, the concentration of crude protein (enzyme) was monitored and cell density was estimated daily at 540 nm using spectrophotometry vis-à-vis the standard (calibration) plots for cells density obtained; crude protein (enzymes) were obtained by centrifugation at a speed of 3600 g for 10 min at a temperature held at 4°C by careful aseptic recovery of the supernatant with 1000µL micropipette into sterile boiling tubes.
Pectolytic enzyme assay
Assaying for polygalacturonase (pectolytic enzyme) activity of the crude extract was carried out using the method described by Ranganna (1986) . One unit of polygalacturonase (PGase) activity was as defined by Jayani et al. (2005) . They defined one unit (U) of PGase activity as the amount of enzyme that liberates 1 μmol/ml/min of D-galacturonic acid from pectic substances under standard assay conditions.
Amylase enzyme assay
This was based on modification of the method described by Bernfield (1955) . A 1% starch solution was slightly warmed in 100 ml sodium acetate buffer (0.1 M, pH 4.7). The extraction buffer was 1 M K2HPO4, pH 6.5. 1 ml of 1% starch and 1 ml of the crude enzyme extract were incubated at 27°C for 15 min. At the end of the incubation period, the reaction was stopped by the addition of 2 ml of dinitrosalicylic acid reagent and the resulting solution heated in a boiling water bath for 5min. While the test tubes and its content were warm, 1 ml of 40% potassium sodium tartrate solution was added and the content cooled under running tap water. The volume was then made up to 10 ml by the addition of 6 ml water. Spectrophotometric measurement (absorbance) was read at 560 nm. However, for the control, the reaction between the 1% starch and crude enzyme extracted was terminated at zero time. The amount of the reducing sugars formed was calculated from a standard graph prepared from known concentrations (10 to 100 mg) of maltose.
Determination of moisture content in the cassava pulp
Moisture content was determined using gravimetric methods described by Association of Official Analytical Chemists (AOAC, 1990).
Preparation of cassava mash for starch extraction
The procedure used for starch extraction from each variety is as shown in the flow chart (Figure 1 ). The methodology was to simulate starch extraction processes of traditional starch producers; however the method was slightly improved by submerged fermentation of the cassava mash with the crude enzymes.
Determination of starch (suspension) flow rate
Immediately the holding time for each mash was up, the enzymecassava mash mixture was emptied on to a cotton (cheese) cloth lining a funnel with a diameter of about 9 cm. The open end of the funnel (from which the starch milk was to drain) was inserted into a 250 ml measuring cylinder prior to pouring the mash unto the cheese cloth. Volume of each starch suspension obtained at 15 s intervals was recorded for 3 min (180 s).
Statistical analysis
Data were analysed using the completely randomized design (CRD). All data were subjected to ANOVA and significant differences were tested using the Duncan's new multiple range test.
For all parameters measured, the statistical software used was the SigmaPlot for Windows Ver. 11 by Systat Software Inc.® (2008).
RESULTS AND DISCUSSION

Moisture content of cassava pulp
Cassava pulp from the various varieties had moisture contents that were significantly different. Moisture contents recorded were similar to values reported in some literature (Morgan and Choct, 2016) . The Esam bankye variety had the least moisture content and the Afisiafi had the highest amount of moisture in its pulp. This information could prove helpful in the selection of variety as low moisture varieties have high dry matter content (which includes starch).
Enzyme activities of the crude enzyme extract
A polygalacturonase (pectolytic enzyme) activity of 4.91 U with specific activity (calculated per minute) of 4.291 U/mg protein was recorded in the crude enzyme preparation. Bali (2003) however reported a pectinase activity of 210.37 nmoles/ml/60 min suggesting that the crude enzyme preparation had a rather high activity. Endogenous amylase activity of 0.293 U/ml (with a specific activity of 0.257 U/mg) was also recorded from the extract. This value is also higher than the 0.16 and 0.09 U/mg (for amylase activity and specific activity, respectively) reported by Dzogbefia et al. (2008a) . This also suggests a high possibility of amylolysis occurring during stages of cassava mash incubation with the enzyme.
Effects of enzyme dosage on starch yield and reaction time
Starch content from each mash was generally lower than those reported in most literature (Aldana and Quintero, 2013; Roslimi et al., 2016) . This is probably due to differences in methodology used in estimating starch content. However, since all the varieties were exposed to the same experimental and edaphic conditions, it is possible to compare and appreciate the contributions of variety to the process.
At very low enzyme dosages (between 10 and 20 mg/200 g of mash) improvement in yield was not significantly different from that of the control (P>0.001) (Figures 2 to 6 ). Significant yields were however recorded at higher dosages (between 30 and 50 mg/200 g of mash) in all varieties with optimum yields being recorded in the 40 and 50 mg dosages. The Doku duade and Bankyehemaa varieties recorded their highest yields with the 50 mg/ml crude protein per 200 g mash (0.025%) dosage; all the other varieties (Afisiafi, Nkabom and Esam bankye) gave their (most significant) highest starch yield with the 40 mg/ml per 200 g mash (0.02%) dosage. Gummadi and Panda (2003) mentioned substrate inhibition kinetics in PGase activity. The enzyme has an alternative (allosteric) site to which the same substrate binds to inhibit substrate binding at the active site and enzyme activity only increases at higher enzyme dosages.
Although, quantitative data on the pectin content of cassava root is rather scanty, pectin content of some root tubers have been estimated to range from 0.2 to 2.5 g per 100 g of mash (Schoeninger et al., 2000) . At high PGase dosages, varieties with high pectin content would present high PGase activity. Additionally, differences in the amounts of mineral ions in the pectin framework could also influence the results observed. Pectin, a polyanionic molecule, naturally binds divalent ions like Ca 2+ , Mg 2+ , Cu 2+ and Zn 2+ as part of its framework. These ions, at high concentrations have been reported to be rather inhibitory to PGase activity (Vázquez et al., 1986) . This suggests that varieties that sequester high mineral ions would subject PGase to higher levels of inhibition at long holding times as more of these ions are released. However, pectate lyase (PL), whose isoforms have been reported (O'Neill et al., 2001 ) to require Ca 2+ in its activity could take over pectolysis. Thus, any further pectolytic activity to release granular starch will depend on what fraction of calcium ions are available to PL. Apparently, the use of PGase activity (in crude protein preparations)alone to estimate enzymatic response of variety to starch extraction presents a rather complex situation. It is however shown that longer holding times, due to the presence of endogenous amylase in the enzyme preparation, could have deleterious effects on the starch by converting it into limit dextrins (which includes glucose) (Miguel et al., 2013) , maltose and maltotriose (Li et al., 2017) ; this affects the original functional properties of the starch, especially those related to starch granule structure and amylose content which ultimately determine the swelling, solubility and pasting properties of starch (Wang et al., 2015) . Additionally, longer holding times affect the stability of pectinase enzymes (Vatanparast et al., 2014) and impact profits negatively as turnover time is increased. Hence if apparent (improved) yields at a given dosage and longer times are not so different from those obtained at higher dosages with shorter time requirements, then it will be economically prudent to adopt the latter. For these reasons, although, the Esam bankye recorded highest starch yield (about 43%) with the 0.02% enzyme dosage vs. 1.5 h holding time combination (Figure 2 and Table  2 ), the 0.02% vs. 0.5 h dosage combination could be adopted (starch yield of about 20.53% over the control). An optimal treatment combination (0.02% vs. 0.5 h) in the Nkabom gave an enhanced yield of 26.15%, while in the Afisiafi variety, an optimal holding time of 1 h at the 0.02% enzyme dosage gave an enhanced yield of about 45% which was significantly (P<0.001) higher than that obtained (about 29.36%) at the 0.5 h holding time. Dzogbefia et al. (2008a) gave similar reports of the 0.02% enzyme treatment being the most effective for starch extraction in this variety. However, they obtained significantly higher yields at the 0.5 h holding time with this dosage. These differences could be attributed to differences in activity of the enzyme (necessitating a longer holding time for optimal activity), difference in the age of the variety as well as varying environmental conditions under which the variety was cultivated (which affect the total biomass composition). The Doku duade and Bankye hemaa, however, required a treatment combination of 0.025% (50 mg/ml of crude protein in 200 g mash) dosage at 0.5 h (holding time) to optimize yield (about 41.46 and 30.91%, respectively).
Quantitative measurements of polygalacturonase (PGase) activity on samples using 0.5 g of mash from each variety gave an activity of 0.121 U/ml on the Bankye hemaa variety; 0.137 U/ml on the Doku duade variety; 0.181 U/ml on the Afisiafi variety; 0.067 U/ml on the Esam bankye variety and 0.094 U/ml on the Nkabom variety. This pattern of activities seems to agree with the trend for starch yield obtained due to the enzyme treatment (Table 3) . Hence, the responses observed are largely due to the different amounts and/or type of fiber materials (including pectic substances) present (Moelants et al., 2014) . Apparently, pectic substances from especially, the Nkabom and the Esam bankye varieties were low in their polygalacturonan (PG) contents which probably explain why these varieties required relatively lower dosages (0.02%) and shorter holding times for maximum activity.
It is however noteworthy that despite improvements in the yield due to enzyme treatment, a key determinant of choosing a variety would be the variety's innate starch content and physico-chemical properties of its starches. Comparing the controls (Figures 2 to 6) , the Bankye hemaa variety produced the highest starch yield from its mashes and with enzyme treatment, seconded the Doku duade variety in terms of yield improvements (Table 3 ). This suggests that the variety will be the most suitable choice for enzyme-assisted starch extraction.
Effects of enzyme dosage on flow pattern and starch milk recovery
Generally, all the varieties displayed typical parabolic flow patterns at all dosages and holding times with rates of starch milk recovery, after enzyme treatment, generally being higher when compared with their controls within the first 15 s of flow (Figures 7 to 11 ). This suggests that technology allows the pressing (Figure 1 ) of the mashes to be carried out earlier. The only exception to this general trend however was the Esam bankye variety where milk recovery for the control (as compared to enzyme treated samples) was faster.
Mashes from the Bankye hemaa and Doku duade varieties had their viscosities greatly reduced by the technology as these recorded the highest improvement in flow (Table 4) . This observation pattern agrees with the trend of pectolytic activities on the mash (cited earlier).
CONCLUSION AND RECOMMENDATION
Optimization of starch extraction from cassava with crude pectolytic enzymes from S. cerevisiae was found to be dependent on variety as well as the dosage-holding time treatment combinations adopted. Generally, enzyme dosages of 0.02% (for the Nkabom, Afisiafi and Esam bankye) and 0.025% (for the Doku duade and Bankyehemaa) were required to optimize yield for starch recovery. This was related to the varying composition of pectic materials in the root mashes as activity of the crude enzyme preparation on the mashes varied. However, application of the technology generally enhanced starch yield and recovery in all varieties with the highest starch yield (due to enzyme treatment) being recorded in the Afisiafi and the greatest recovery rates being recorded in the Bankyehemaa variety.
However, the high (dry) biomass, susceptibility to pectolytic (enzyme) activity, high starch content (even without enzyme treatment) and low holding time requirements for enzyme-assisted yield optimization altogether confirm that the Bankyehemaa variety is best suited for enzyme-assisted starch extraction. Its low root (pulp) moisture content also suggest that farmers would be transporting a lot more (dry) biomass from their farms and their pulp will probably dry faster for storage; results of both yield and starch milk recovery rates in the Esam bankye variety was rather inconsistent hence utilization of the variety for crude (pectolytic) enzyme-based cassava starch extraction might be discouraging.
Although, high dosages (as with the 25 mg/ml per 100 g mash in this work) of crude pectolytic enzyme and longer retention time (1hour and 1.5 hours) have been reported to significantly affect starch biochemistry by causing extensive amylolysis, the very high starch yields obtained from these dosages cannot be overlooked. Such dosages could be employed in the production of starches that find application in the food industry as this will enhance sweetness and digestibility of the starches.
